Fifteen rabbits were injected with one dose of 250 milligrams per kilogram of bovine serum albumin intravenously to induce acute serum sickness. The kidneys were removed from groups of five rabbits each at 10, 12 and 14 days after injection and examined by light, electron and immunofluorescent microscopy for evidence of immune complex glomerulonephritis. Urine was examined for protein when rabbits died. Glomerulonephritis was found in eight rabbits by light microscopy and in 10 rabbits by electron microscopy. Only one rabbit had positive immunofluorescence for immunologic components and only two rabbits had proteinuria. Hypercellularity was the primary change seen by light microscopy. Ultrastructural changes were numerous and various, and the major changes recognized were irregularity of the glomerular basement membrane, increased mesangial matrix, hypercellularity , endothelial hypertrophy, mesangial deposits, epithelial foot process fusion and mesangial circumferential interposition. Subepithelial humps were seen in only four rabbits; none of these rabbits had proteinuria. We concluded that increased permeability followed the deposition of immune complexes and development of ultrastructural lesions.
The exact mechanisms involved in the pathogenesis of immune complex glomerulonephritis are unclear, although much is known about the disease [3, 4, 9, 12, 151. It is unknown what determines the deposition of immune complexes in the glomerulus. Two main theories existthat an active physiological process occurs in the presence of immune complexes to cause an increased vascular permeability to such macromolecules [3] , and that the simple hemodynamic filtration function of the kidney is sufficient to trap significant quantities of these macromolecules [9] .
Experimental evidence indicates that in acute serum sickness glomerulonephritis of rabbits the release of vasoactive amines (serotonin and histamine) by blood platelets causes a requisite increase in vascular permeability before immune complex deposition [3, 41. This reaction is localized predominantly in areas of high pressure and turbulence as in the glomerular capillaries where platelets are most likely to accumulate. It is believed that immunoglobulin E (IgE) attached to blood basophils may be the activating factor. Upon combination with the appropriate antigen, the IgE causes the release of a platelet-stimulating factor that causes the release of vasoactive amines from platelets.
The filtration theory is based on the simple hemodynamics and sieving function of the glomerulus. The blood pressure in the glomerular capillaries is much greater than that in other capillaries, and the glomerular basement membrane acts as a filter to retain macromolecules the size of albumin and larger so most immune complexes would be trapped in and along the membrane. Proponents of this theory believe that the increased permeability in this disease is the result of either the physical disruption produced by the immune complexes or the biological events initiated by them, such as the activation of complement [9] .
The filtration theory is supported by evidence that immune complex deposits appear before the development of proteinuria in immune complex glomerulonephritis of rats (51. The relationship of glomerular basement membrane permeability to the development of lesions is not as clear in other species or forms of glomerulonephritis. Most authorities believe that the immune complexes are the most important part of the pathogenesis of the disease, but it has been suggested that the deposits of immune complexes are not pathogenic but serve only as an indication that antigen-antibody reactions have occurred [2] .
The relationship of immune complex deposits to proteinuria in the early stage of acute serum sickness glomerulonephritis of rabbits is presented. This is an established model of immune complex glomerulonephritis [ 1, 6, 71 . It has been shown that lesions develop during the immune elimination phase of antigen clearance, about 7-14 days after injection of antigen and reach their maximum just after elimination of antigen from the circulation, about 10 to 17 days after injection [4, 8, 91 .
Materials and Methods
Twenty-two young New Zealand White rabbits weighing 1.9-2.1 kilograms were divided into three test groups of five each and one control group of seven rabbits. The experiment animals were given one injection of 250 mg/kg bovine serum albumin intravenously. The groups were killed 10, 12 and 14 days after injection. Controls were untreated and killed randomly.
Immediately after each rabbit was killed. the left kidney was manually perfused via the renal artery with 5 milliliters cold (4°C) 3% glutaraldehyde in 0.1 moles/liter sodium phosphate buffer, pH 7.3. Minced cortical tissue from this kidney was fixed for 4 hours in this fixative at 1" C and then fixed in 1 9 osmium tetroxide for 4 hours. Dehydration was done with ascending concentrations of ethanol. Tissues were then embedded in Spurr's low viscosity resin. Cortical tissue from the nonperfused right kidney was taken for immunofluorescent and light microscopy.
Ultrathin sections were stained with uranyl acetate and lead citrate for electron microscopy. Formalin-fixed 1 micrometer sections were stained with hematoxylin and eosin (HE) and periodic acid-Schiff (PAS) for light microscopy. Fresh tissue sections for immunofluorescent microscopy were fixed in cold acetone and saturated for 30 minutes with either fluorescein-tagged anti-bovine serum albumin. anti-rabbit complement or anti-rabbit IgG (Cappel Laboratories. Dowingtown. Pa.). Positive tissues were block tested with untagged antisera before the test was repeated with tagged antisera. Urine was obtained from dead rabbits and quantitative protein measurement of the centrifuged urine was done by the sulfosalicylic acid turbidity method.
Light microscopy evaluation was based on the degree of cellularity of the glomeruli. Photomicrographs were taken of the 10 most cellular glomeruli in HE sections from each of the seven control rabbits and the cell nuclei counted to establish a control mean (table I) . The 10 most cellular glomeruli from each of the 15 experiment rabbits were counted (table 111 ) and were noted as positive or negative only. Fifteen glomeruli were examined from the seven control rabbitstwo from six rabbits and three from one rabbit. If lesions were found in any glomerulus from the experiment rabbits, the rabbit was considered to have glomerulonephritis. Three glomeruli were examined before classifying an animal as negative. Thirty-two glomeruli were examined from the 15 experiment rabbits.
Results
All rabbits survived the experiment and were clinically normal when killed. No gross abnormalities were found in any kidneys or urinary bladders at necropsy. All control rabbits had normal protein concentrations of less than 5 mg/100 ml. Experiment rabbit E6 had 42 mg/100 ml (++), and E8 had 10 mg/100 ml (+).
Eight of the 15 experiment rabbits had some degree of glomerulonephritis with light microscopy (table 11) . Four were + , one was + + and three were + + + . In control rabbits one was + , one was + + and all others were negative. No thickening of the basement membrane was detected on any of the tissues stained with PAS. All control and experiment rabbits were negative for fluorescence except E8 which had ++ fluorescence for IgG and + fluorescence for bovine serum albumin and complement.
With electron microscopy 10 experiment rabbits had sufficient ultrastructural changes to be considered positive for glomerulonephritis (table 111) . Five were positive on the first glomerulus examined, three were positive on the second glomerulus examined and two were positive on the third glomerulus examined. Common findings included basement membrane irregularities (eight of lo), increased mesangial matrix (seven of lo), hypercellularity (six of 10) and endothelial cytoplasmic hypertrophy (six of 10). Irregularities of the basement membrane included variations in thickness and density and splitting or duplication. Variation in thickness was most apparent on the endothelial side. The increase in mesangial " --<95% confidence limit; + = >95%, <99.9%; ++ = >99.9%, <[99.9% + 10% mean]; +++ = >99.9% + 10% of mean. matrix was usually mild, but extensive amounts were found in two rabbits with mesangial cell proliferation. Hypercellularity was caused only by proliferation of endothelial and mesangial cells. Although there was polymorphonuclear neutrophil activity in two of the 10 rabbits, these cells were not seen in large numbers and did not contribute significantly to hypercellularity.
Subepithelial deposits were found in only four of 10 positive rabbits. Some degree of focal foot-process-fusion always occurred over the deposits. The deposits were usually elongated, domed or peaked structures with the same density as the lamina densa. When deposits were seen, there were usually three to five within that glomerulus. In two of the 15 control glomeruli a single large deposit was seen.
Discussion
There was no relationship between the severity of changes as determined by light and electron microscopy, and there was no relationship between any specific ultrastructural lesion and the degree of hypercellularity by light microscopy. Light and electron microscopy were the most sensitive diagnostic techniques in these experiments of the early pathogenesis of the disease, but in clinical cases immunofluorescence may be the most sensitive [ 5 ] . Only one rabbit (E8) was abnormal by all four techniques used and three rabbits (E6, E7, E14) were abnormal only by electron microscopy. One (E4) was abnormal only by light microscopy, but this may have been normal variation in glomerular cell population as seen in two control rabbits. The rabbit with the most severe proteinuria (E6) was abnormal only by electron microscopy.
Our observations indicate that in immune complex glomerulonephritis, ultrastructural changes occur first and are followed closely by hypercellularity detecta- HC = hypercellularity; GBMI = glomerular basement membrane irregularities: EpDp = subepithelial deposits; PMVIN = polymorphonuclear neutrophil activit! : MCI = mesangial circumferential interposition; FPF = foot process fusion: .MD = mesangial deposits: CO = capillary occlusion; IM = increased mesangial matrix: ECH = endorhelial c! toplasmic hypertrophy. + = foot process fusion over deposits only: + + = foot process fusion not limited to deposits.
ble by light microscopy. Presumably both proteinuria and immunofluorescence develop later. There was no pathognomonic ultrastructural lesion, but several different changes could be found when there was glomerulonephritis.
These experiments indicate that during the early pathogenesis of this form of glomerulonephritis there is no correlation between morphologic changes and loss of functional integrity of the basement membrane as manifested by proteinuria. The finding of only two proteinuric rabbits out of 10 with morphologic evidence of the disease suggests that increased permeability of the basement membrane may be caused only by biochemical changes and that morphologic changes are unrelated indicators of the disease. Rabbit E8 had the most severe ultrastructural changes ( fig. l ) , was one of three with +++ hypercellularity and was the only one with positive immunofluorescence, yet it only had mild proteinuria. Rabbit E6 had the most severe proteinuria, but it had no abnormalities by light or immunofluorescent microscopy and had only moderate ultrastructural lesions. It is impossible to ascribe the proteinuria to neutrophil activity since such activity was found in one positive rabbit that was not proteinuric as well as one proteinuric rabbit. Neither of the two proteinuric rabbits had subepithelial deposits.
The finding of four nonproteinuric rabbits with subepithelial deposits suggests that permeability of the basement membrane does not increase prior to the passage and accumulation of immune complexes. An increase in permeability sufficient to allow the passage of immune complexes with molecular weights of 300 000 plus also would allow the passage of albumin and some globulins. It should not be necessary for increased permeability to occur for immune complexes to enter the basement membrane. Several reports describe the passage of large tracer substances such as ferritin (molecular weight 500 000) into the basement membrane, although the larger ones are reported to be restricted at some level of the basement membrane [ll] . The passage of large aggregated globins through the basement membrane has been reported, and it was postulated that the glomerular basement membrane consisted of a thixotropic gel that would allow passage of large substances under pressure [14] . It can be expected that many immune complexes will enter the basement membrane and initiate pathologic consequences either by their presence, activation of complement or production of biochemical changes in the membrane or contiguous glycocalyx or both.
It is possible that the subepithelial deposits we found and those reported by others are not deposits at all. The so-called deposits have the same density and appearance as normal basement membrane ( fig. 2 ). In almost all instances the deposit was an extension and widening of the lamina densa and had a normal appearing lamina rara externa between it and the foot processes. Identical deposits or excrescences were seen in two of 15 glomeruli from control rabbits ( fig. 3) . These deposits do not seem similar to the dark, granular, amorphous subepithelial Uranyl acetate and lead citrate. 3 deposits seen in chronic experimental glomerulonephritis in rabbits or in most naturally occurring forms of the disease. The subepithelial humps or excrescences seen in our model therefore probably are not immune complex deposits but probably were nonspecific reactive overgrowths of basement membrane. These humps may be precursors of the deposits seen in natural forms of the disease. It has been shown biochemically that the increased thickness of the basement membrane in certain forms of glomerulonephritis in man is caused by increased quantities of normal glycoprotein components not immunoglobulins [ 131. Others have reported excess basement membrane production in response to immune complex deposits in the membranous glomerulonephritis of gold therapy [16] . Both may be examples of the mechanism proposed for the production of the subepithelial humps seen in our experiments. Glomeruli of normal people occasionally contain basement membrane projections similar to those seen in both our control and experiment rabbits [ 101. Regardless of cause, the glomerular basement membrane apparently is able to reflect injury morphologically in limited ways, and subepithelial humps are probably one such response.
